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E. Coli Antimicrobial Validation 

113a (diluted 0.25 mg/mL) tested against Escherichia coli: 
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E. Coli Antimicrobial Validation 

113a (diluted 0.25 mg/m L) tested against Escherichia coli: 
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A. Niger Antifungal Validation 

113a (diluted 30 mg/mL) tested against Aspergillus Niger: 
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METHODS AND SYSTEMS FOR COATING A 
SURFACE 

[0001] This application is a continuation of US. patent 
application Ser. No. 11/638,327 entitled “METHODS AND 
SYSTEMS FOR PREPARING ANTIMICROBIAL FILMS 
AND COATINGS” ?led on Dec. 12, 2006, Which claims 
priority to US. Provisional Patent Application No. 60/749, 
540 entitled “ANTIMICROBIAL FILMSAND COATINGS” 
?led on Dec. 12, 2005, US. Provisional Patent Application 
No. 60/755,292 entitled “ANTIMICROBIAL AND/OR 
SELF-CLEANING FILMS” ?led on Dec. 30, 2005, and US. 
Provisional Patent Application No. 60/756,401 entitled 
“METHODS AND SYSTEMS FOR PREPARINGANTIMI 
CROBIAL COATINGS” ?led on Jan. 5, 2006, all of Which 
are incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present disclosure generally relates to self 
cleaning and/or antimicrobial compositions. More particu 
larly, the disclosure generally relates to systems and methods 
for the customizable formation of antimicrobial composi 
tions. Further, the disclosure generally relates to systems and 
methods for preparation of ?lms and coatings using the pre 
pared antimicrobial compositions. 
[0004] 2. Description of the Relevant Art 
[0005] Bacteria exist in a variety of locationsiin Water, 
soil, plants, animals, and humans. Bacteria may transfer from 
person to person, among animals and people, from animals to 
animals, and through Water and the food chain. Most bacteria 
do little or no harm, and some are even useful to humans. 
HoWever, others are capable of causing disease. The same 
bacteria may have different effects on different parts of the 
host body. For example, S. aureus on the skin may be gener 
ally harmless, but When they enter the bloodstream they may 
cause disease. 

[0006] An antimicrobial may be generally de?ned as any 
thing that may kill or inhibit the groWth of microbes (e.g., 
high heat or radiation or a chemical). Microbes may be gen 
erally de?ned as a minute life form, a microorganism, espe 
cially a bacterium that causes disease. Antimicrobials may be 
grouped into three broad categories: antimicrobial drugs, 
antiseptics, and disinfectants. Antimicrobial drugs may be 
used in relatively loW concentrations in or upon the bodies of 
organisms to prevent or treat speci?c bacterial diseases With 
out harming the organism. They are also used in agriculture to 
enhance the groWth of food animals. Unlike antimicrobial 
drugs, antiseptics and disinfectants are usually nonspeci?c 
With respect to their targetsithey kill or inhibit a variety of 
microbes. Antiseptics may be used topically in or on living 
tissue. Disinfectants may be used on objects or in Water. 
[0007] Antimicrobial resistance may be generally 
described as a feature of some bacteria that enables them to 
avoid the effects of antimicrobial agents. Bacteria may pos 
sess characteristics that alloW them to survive a sudden 
change in climate, the effects of ultraviolet light from the sun, 
and/or the presence of an antimicrobial chemical in their 
environment. Some bacteria are naturally resistant. Other 
bacteria acquire resistance to antimicrobials to Which they 
once Were susceptible. 

[0008] The development of resistance to an antimicrobial is 
complex. Susceptible bacteria may become resistant by 

Aug. 28, 2008 

acquiring resistance genes from other bacteria or through 
mutations in their oWn genetic material (DNA). Once 
acquired, the resistance characteristic is passed on to future 
generations and sometimes to other bacterial species. 
[0009] Antimicrobials have been shoWn to promote antimi 
crobial resistance in at least three Ways: through (1) encour 
aging the exchange of resistant genes betWeen bacteria, (2) 
favoring the survival of the resistant bacteria in a mixed 
population of resistant and susceptible bacteria, and (3) mak 
ing people and animals more vulnerable to resistant infection. 
Although the contribution of antimicrobials in promoting 
resistance has most often been documented for antimicrobial 
drugs, there are also reports of disinfectant use contributing to 
resistance and concerns about the potential for antiseptics to 
promote resistance. For example, in the case of disinfectants, 
researchers have found that chlorinated river Water contains 
more bacteria that are resistant to streptomycin than does 
non-chlorinated river Water. Also, it has been shoWn that some 
kinds of Escherichia coli (E. coli) resist triclosan (an antisep 
tic used in a variety of products, including soaps and tooth 
paste). This raises the possibility that antiseptic use could 
contribute to the emergence of resistant bacteria. 
[0010] While antimicrobials are a major factor in the devel 
opment of resistance, many other factors are also involved, 
including for example the nature of the speci?c bacteria and 
antimicrobial involved, the Way the antimicrobial is used, 
characteristics of the ho st, and environmental factors. There 
fore, the use of antimicrobials does not alWays lead to resis 
tance. 

[0011] The Staphylococcus aureus bacterium (S. aureus), 
one of the most common causes of infections WorldWide, has 
long been considered treatable With antimicrobial drugs. 
Recently, hoWever, a number of S. aureus infections Were 
found that resisted most available antimicrobials, including 
vancomycin, the last line of treatment for these and some 
other infections. For example, several years ago in Japan, a 
four-month-old infant Who had developed an S. aureus infec 
tion folloWing surgery, died after a month of treatments With 
various antimicrobials, including vancomycin. About a year 
later, three elderly patients in the United States With multiple 
chronic conditions Were infected With this type of S. aureus, 
noW knoWn as vancomycin intermediate-resistant Staphylo 
coccus aureus (VISA). They Were treated With numerous 
antimicrobials for an extended period of time and eventually 
died, but it is unclear What role VISA played in their deaths. 
More recently, a middle-aged cancer patient in Hong Kong 
Was admitted to a hospital With a fever and died despite tWo 
Weeks of treatment for VISA. 

[0012] Antimicrobials are recogniZed as major contributors 
in the development of antimicrobial resistance. There are 
many kinds of antimicrobials, varying in hoW they are used 
and in the agencies that have jurisdiction over them. The EPA 
is in fact conducting a reexamination of all pesticides (and 
antimicrobials), Which received regulatory approval before 
1984. In addition, the World Health Organization (WHO) has 
also repositioned itself to deal With this issue. 
[0013] The causes for antimicrobial resistance are believed 
to be multi-factoral. In the case of antibiotics, it has been Well 
documented that resistance is mainly caused by continued 
over reliance on and imprudent use of these antimicrobial 
agents. Increasing evidence is being obtained suggesting that 
the same may be true for the emergence of biocide resistance. 
There is increasing concern about possible cross-resistance of 
antibiotics and biocides due to common resistance mecha 
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nisms. The consequence of continued exposure to antimicro 
bials is an increase of bacteria that are intrinsically resistant to 
antimicrobials or have acquired resistance mechanisms to 
these substances. 

[0014] Bacterial resistance mechanisms have been mostly 
determined for antibiotics and include: 1) exclusion from the 
cell (e. g., by the outer membrane); 2) enZymatic inactivation; 
3) target alterations; and 4) active e?lux from the cell. Similar 
resistance mechanisms are also involved in biocide resis 
tance. Although exclusion from the cell due to reduced outer 
membrane impermeability Was thought to play a key role in 
the intrinsic resistance of several common bacteria (e.g., R 
aeruginosa) to many antimicrobial compounds, this is noW 
attributed to synergy betWeen a loW-permeability outer mem 
brane and active ef?ux from the cell. Some bacteria promote 
acquired multi-drug resistance as a consequence of hyper 
expression of the ef?ux genes by mutational events. In addi 
tion to antibiotics, these pumps export biocides, dyes, deter 
gents, metabolic inhibitors, organic solvents and molecules 
involved in bacterial cell-cell communication. A discussion 
of mechanisms of antimicrobial resistance may be found in 
SchWeiZer “Ef?ux as a mechanism of resistance to antimicro 
bials in Pseudomonas aeruginosa and related bacteria: unan 
sWered questions” Genet. Mol. Res., 2(1): 48-62 (Mar. 31, 
2003), Which is incorporated by reference as if fully set forth 
herein. 

[0015] Concern about possible cross-resistance of antibiot 
ics and biocides due to common resistance mechanisms may 
be further accentuated When the mechanism of several differ 
ent antimicrobials are compared. For example, the antimicro 
bial effects of silver salts have been noticed since ancient 
times, and today, silver is used to control bacterial groWth in 
a variety of applications, including dental Work, catheters, 
and burn Wounds. Added at high (i.e., millimolar) concentra 
tions, Ag+ ions inhibit a number of enzymatic activities, react 
ing With electron donor groups, especially sulfhydryl groups. 
HoWever, research in the past feW years of the molecular 
mechanism of the bactericidal effect of much loWer (e.g., 
micromolar) concentrations of Ag+ ions points toWard a dif 
ferent mechanism. 

[0016] The addition of loW micromolar concentrations of 
Ag+ to inside-out membrane vesicles of V cholerae induced a 
total collapse of both Aph and A11) irrespective of the presence 
of Na+ ions. This effect of Ag+ Was independent of the pres 
ence of the Na+-translocating NQR, knoWn as a speci?c target 
for submicromolar Ag", suggesting that the other Ag+-modi 
?ed membrane proteins (or perhaps the Ag+-modi?ed phos 
pholipid bilayer itself) may cause the H+ leakage, thus 
explaining the broad spectrum of the antimicrobial activity of 
Ag+ ions. It is conceivable that the bactericidal action of these 
concentrations of Ag+ in V cholerae is not mediated by a 
speci?c target but is due to the H+ leakage occurring through 
virtually any Ag+-modi?ed membrane protein or perhaps 
through the Ag+-modi?ed phospholipid bilayer itself. In the 
absence of Ag+ resistance determinants (encoding pumps 
capable of ef?cient expelling of the Ag+ ion), this Would result 
in a complete deenergiZation of the membrane. Taking into 
account the Well-documented crucial importance of the trans 
membrane proton gradient in overall microbial metabolism, it 
seems inevitable that the protonophore-like effect of Ag+ 
described here should result in cell death. A discussion of the 
antimicrobial properties of silver may be found in Dibrov et 
al. “Chemiosmotic Mechanism of Antimicrobial Activity of 
Ag+ in Wbrio cholerae” ANTIMICROBIAL AGENTS AND 
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CHEMOTHERAPY, August 2002, p. 2668-2670, Which is 
incorporated by reference as if fully set forth herein. 

[0017] The antimicrobial effects of titanium dioxide have 
been knoWn for quite some time and it is used to control 
bacteria activity. When titanium dioxide (TiO2) is irradiated 
With near-UV light, this semiconductor exhibits strong bac 
tericidal activity. Evidence has been presented that appears to 
shoW that the lipid peroxidation reaction is the underlying 
mechanism of death of Escherichia coli K-l2 cells that are 
irradiated in the presence of the TiO2 photocatalyst. Using 
production of malondialdehyde (MDA) as an index to assess 
cell membrane damage by lipid peroxidation, it Was observed 
that there Was an exponential increase in the production of 
MDA, Whose concentration reached 1.1 to 2.4 nmol~mg (dry 
Weight) of cells“1 after 30 min of illumination, and that the 
kinetics of this process paralleled cell death. Under these 
conditions, concomitant losses of 77 to 93% of the cell res 
piratory activity Were also detected, as measured by both 
oxygen uptake and reduction of 2,3,5-triphenyltetraZolium 
chloride from succinate as the electron donor. The occurrence 
of lipid peroxidation and the simultaneous losses of both 
membrane-dependent respiratory activity and cell viability 
depended strictly on the presence of both light and TiO2. It 
Was theoriZed that TiO2 photocatalysis promoted peroxida 
tion of the polyunsaturated phospholipid component of the 
lipid membrane initially and induced major disorder in the E. 
coli cell membrane. Subsequently, essential functions that 
rely on intact cell membrane architecture, such as respiratory 
activity, Were lost, and cell death Was inevitable. A discussion 
of the antimicrobial properties of titanium dioxide may be 
found in Maness et al. “Bactericidal Activity of Photocata 
lytic TiO2 Reaction: toWard an Understanding of Its Killing 
Mechani sm”APPLIED AND ENVIRONMENTAL MICRO 
BIOLOGY, September l999, p. 4094-4098, Which is incor 
porated by reference as if fully set forth herein. 
[0018] Phenol and its derivatives exhibit several types of 
bactericidal action. At higher concentrations, the compounds 
penetrate and disrupt the cell Wall and precipitate cell pro 
teins. Generally, gram-positive bacteria are more sensitive 
than gram-negative bacteria, Which in turn are more sensitive 
than mycobacteria. The initial reaction betWeen a phenolic 
derivative and bacteria involves binding of the active phenol 
species to the cell surface. Once the active has bound to the 
exterior of the cell, it needs to penetrate to its target sitesi 
either by passive diffusion (gram-positive) or by the hydro 
phobic lipid bilayer pathWay (gram-negative). One of the 
initial events to occur at the cytoplasmic membrane is the 
inhibition of membrane bound enZymes. The next level in the 
damage to the cytoplasmic membrane is the loss in the mem 
brane’s ability to act as a permeability barrier. There is limited 
information regarding the action of phenolics against viruses. 
The molecular mechanisms probably do not differ from those 
that occur in bacteria. Phenols act at the germination stage of 
bacterial spore development; hoWever, this effect is revers 
ibleitherefore the sporicidal activity of phenolic com 
pounds is loW. As With many disinfectants, the activity of 
phenols is highly formulation dependant and affected by fac 
tors such as temperature, concentration, pH and the presence 
of organic matter. 
[0019] Although the mode of action of quaternary ammo 
nium compounds has not yet been completely described in 
detail, there are de?nitive explanations of the antimicrobial 
mode of action of cationic disinfectants in general. 
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[0020] One of the main considerations in examining the 
mode of action is the characterization of quaternary ammo 
nium compounds as cationic surfactants. This class of chemi 
cal reduces the surface tension at interfaces, and is attracted to 
negatively charged surfaces, including microorganisms. Qua 
ternary ammonium compounds denature the proteins of the 
bacterial or fungal cell, affect the metabolic reactions of the 
cell and alloW vital substances to leak out of the cell, ?nally 
causing death. 
[0021] Classi?cation of the “generation” of quaternary 
ammonium compounds may be confusing. The most current 
de?nitions of the different generations of quaternary ammo 
nium compounds are as folloWs: 

[0022] First Generation: BenZalkonium chlorides (ex 
ample: BenZalkonium chloride). First generation qua 
ternary ammonium compounds have the loWest relative 
biocidal activity and are commonly used as preserva 
tives. 

[0023] Second Generation: Substituted benZalkonium 
chlorides (example: alkyl dimethyl benZyl ammonium 
chloride). The substitution of the aromatic ring hydro 
gens With chlorine, methyl and/ or ethyl groups resulted 
in second generation quaternary ammonium compounds 
With high biocidal activity. 

[0024] Third Generation: “Dual Quaternary ammonium 
compounds” (example: contain an equal mixture of 
alkyl dimethyl benZyl ammonium chloride+alkyl dim 
ethyl ethylbenZyl ammonium chloride). This mixture of 
tWo speci?c quaternary ammonium compounds resulted 
in a dual quaternary ammonium compound offering 
increased biocidal activity, stronger detergency, and 
increased safety to the user (relative loWer toxicity). 

[0025] Fourth Generation: “TWin or Dual Chain Quater 
nary ammonium compounds”idialkylmethyl amines 
(example: didecyl dimethyl ammonium chloride or dio 
ctyl dimethyl ammonium chloride). Fourth generation 
quaternary ammonium compounds are superior in ger 
micidal performance, loWer foaming, and have an 
increased tolerance to protein loads and hard Water. 

[0026] Fifth Generation: Mixtures of fourth generation 
quaternary ammonium compounds With second-genera 
tion quaternary ammonium compounds (example: dide 
cyl dimethyl ammonium chloride+alkyl dimethyl ben 
Zyl ammonium chloride). Fifth generation quaternary 
ammonium compounds have an outstanding germicidal 
performance, they are active under more hostile condi 
tions and are safer to use. 

[0027] This information is general in principle. For 
example, it may not alWays be the case that a disinfectant With 
a ?fth- generation quaternary ammonium compound is better 
than one With a third-generation quaternary ammonium com 
pound. The non-germicide components of a disinfectant also 
have an impact on overall performance. Quaternary ammo 
nium compounds are extremely sensitive to hard Water, and 
usually require a chelant in the formula to obtain ef?cacy in 
these conditions. Although regarded as standard by one 
authority, the quaternary ammonium compound generation 
de?nitions given above may differ from those found else 
Where. Regardless, the examples given should give one a 
relative understanding of the evolution of quaternary germi 
cides. 
[0028] Glutaraldehyde-protein interactions indicate an 
effect of the dialdehyde on the surface of bacterial cells. Many 
of the studies indicate a poWerful binding of the aldehyde to 
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the outer cell layers. Because of this reaction in the outer 
structures of the cell, there is an inhibitory effect on RNA, 
DNA, and protein synthesis as a result. 
[0029] In reacting With bacterial spores, studies have 
shoWn that acid glutaraldehyde could interact at the spores’ 
surface and remain there, Whereas alkaline glutaraldehyde 
could penetrate the spore. Thus, the role of the activator: an 
alkaliniZing agent in facilitating penetration and interaction 
of glutaraldehyde With components of the spore cortex or 
core. Inhibition of germination, spore sWelling, mycelial 
groWth, and sporulation in fungal species at varying concen 
trations has been demonstrated. The principal structural Wall 
component of many molds and yeast is chitin, Which 
resembles the peptidoglycan of bacteria and is thus a poten 
tially reactive site for glutaraldehyde action. In viruses, the 
main targets for glutaraldehyde are nucleic acid, proteins, and 
envelope constituents. The established reactivity of glutaral 
dehyde With proteins suggests that the viral capsid or viral 
speci?c enZymes are vulnerable to glutaraldehyde treatment. 
[0030] Ortho-phthalaldehyde is a claimed alternative alde 
hyde that is currently under investigation. Unlike glutaralde 
hyde, ortho-phthalaldehyde is odorless, stable, and effective 
over a Wide pH range. It has been proposed that, because of 
the lack of alpha-hydrogens, ortho-phthalaldehyde remains 
in its active form at alkaline pH. 
[0031] EDTA and other chelating agents are often added to 
the germicide formula to aid in activity in hard Water condi 
tions. These ingredients also add to the antimicrobial activity 
by chelating magnesium and calcium in the organism. EDTA 
has been shoWn to boost the effect of antimicrobial activity 
against gram-negative organisms such as Pseudomonas 
aeruginosa. 
[0032] Many antimicrobials function by attacking and dis 
rupting the cell membrane causing the microbe to “bleed” to 
death. Other antimicrobials function by penetrating the cell 
membrane and subsequently inhibiting one or more functions 
Within the cell. Therefore microbial adaptations, such as 
reduced outer membrane impermeability and active e?lux 
from the cell, may reduce the effectiveness of many knoWn 
and commonly used antimicrobials. Antimicrobial resistance 
has increased due to the over use and misuse of antimicrobi 
als. Part of the problem has been attributed to antimicrobials 
Which, due to their design, leach into the environment exces 
sively overexposing microbes in the environment promoting 
antimicrobial resistance. 
[0033] NeW antimicrobials are required to combat the neW 
antimicrobial resistant microbes. NeW antimicrobials may be 
effective verses microbes Which are currently resistant to 
currently knoWn antimicrobials. NeW antimicrobials may 
resist leaching off into the environment beyond a predeter 
mined amount to inhibit polluting the environment unneces 
sarily. 

SUMMARY 

[0034] For the reasons stated above neW antimicrobials are 
required to combat the neW antimicrobial resistant microbes. 
Antimicrobial compositions are described. More particularly, 
systems and methods for the customizable formation of anti 
microbial compositions for coating surfaces are described. 
Further, systems and methods for the preparation of ?lms and 
coatings using the prepared antimicrobial compositions are 
described. 
[0035] In some embodiments, a protective coating compo 
sition may include a compound. A compound may include a 
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bridged polycyclic compound. A bridged polycyclic com 
pound may be a cavitand. Portions of the bridged polycyclic 
compound may include tWo or more quaternary ammonium 
moieties. The coating composition may be antimicrobial. 
[0036] In some embodiments, a protective coating compo 
sition may be antimicrobial. 

[0037] In some embodiments, a protective coating compo 
sition may be self-cleaning. 
[0038] In some embodiments, a chemical composition may 
include a chemical compound, Wherein the chemical com 
pound has a general structure (I): 

(1) 

Each Rl may be independently an alkyl group, a substituted 
alkyl group, an aryl group, a substituted aryl group, N, N"R3 , 
a heterocycle group, or a substituted heterocycle group. Each 
R2 may be independently an alkyl group, a substituted alkyl 
group, an aryl group, a substituted aryl group, a heterocycle 
group, a substituted heterocycle group, a covalent bond, or an 
alkene. Each R3 may be independently an alkyl group, a 
substituted alkyl group, an aryl group, a substituted aryl 
group, a heterocycle group, a substituted heterocycle group, 
an alkene, an ether, a PEG, or a PEI. Each R4 may be inde 
pendently an alkyl group, a substituted alkyl group, an aryl 
group, a substituted aryl group, a heterocycle group, a sub 
stituted heterocycle group, an ether, an amide, an alcohol, an 
ester, a sulfonamide, a sulfanilamide, or an alkene. Z may 
include at least one bridge. At least one of the bridges may be 
iR2iN+R3 2iR4iN+R32iR2, iR2iNR3iR4iN+ 
R32iR2i, iR2iNR3iR4iNR3iR2i, or iRzi 
N:R4:NiR2i. Each bridge may independently couples 
Rl to R1. X may include one or more negatively charged 
counter ions. 

[0039] In some embodiments, a chemical composition may 
include one or more polymeriZable compounds. 

[0040] In some embodiments, a chemical composition may 
include one or more polymeriZable compounds, Wherein the 
chemical composition is con?gured such that, When the 
chemical composition is applied to a surface and cured, then 
at least a portion of the composition forms an antimicrobial 
coating over at least a portion of the surface. 

[0041] In some embodiments, at least one R3 may include 
at least one quaternary ammonium moiety. 

[0042] In some embodiments, at least one R3 may include 
at least one phenol moiety. 

[0043] In some embodiments, at least one R3 may include 
at least one aZole moiety. 

[0044] In some embodiments, at least one R3 is a benZyl 
group. 

[0045] In some embodiments, at least one R3 is a chloro 
substituted benZyl group. 
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[0046] In some embodiments, at least one R3 is a benZyl 
group, and Wherein at least one R3 is a C6 alkyl group or a C6 

substituted alkyl group. 

[0047] In some embodiments, at least one R3 is a chloro 
substituted benZyl group, and Wherein at least one R3 is a C6 
alkyl group or a C6 substituted alkyl group. 

[0048] In some embodiments, at least one R3 is a methoxy 
substituted benZyl group, and Wherein at least one R3 is a C6 
alkyl group or a C6 substituted alkyl group. 

[0049] In some embodiments, at least one R3 is a alkoxy 
substituted benZyl group, and Wherein at least one R3 is a C6 
alkyl group or a C6 substituted alkyl group. 

[0050] In some embodiments, at least one R3 is a hydroxyl 
substituted benZyl group, and Wherein at least one R3 is a C6 
alkyl group or a C6 substituted alkyl group. 

[0051] In some embodiments, at least one R3 is an ammo 
nium substituted benZyl group, and Wherein at least one R3 is 
a C6 alkyl group or a C6 substituted alkyl group. 

[0052] In some embodiments, at least one R3 is a polyether 
substituted benZyl group, and Wherein at least one R3 is a C6 
alkyl group or a C6 substituted alkyl group. 

[0053] In some embodiments, at least one R3 is a benZyl 
group, and Wherein at least one R3 is a C6 alkyl group or a C6 

substituted imidaZole group. 

[0054] In some embodiments, at least one R3 is a methyl 
group, and Wherein at least one R3 is a C6 alkyl group or a C6 
substituted alkyl group. 

[0055] In some embodiments, at least one R3 is a methyl 
group, and Wherein at least one R3 is a C5-C7 alkyl group or 
a C5-C7 substituted alkyl group. 

[0056] In some embodiments, at least one X is an anion. In 
some embodiments, at least one X is a polymer. In some 
embodiments, at least one X is a monomer. In some embodi 

ments, at least one X is a halogen. In some embodiments, at 
least one X is iodine, bromine, or chlorine. In some embodi 
ments, at least one X contains boron. In some embodiments, 
at least one X is a borate. In some embodiments, at least one 

X tetra?uoroborate. In some embodiments, at least one X 
contains nitrogen. In some embodiments, at least one X is a 
nitrate. In some embodiments, at least one X is PY6, Wherein 
Y is a halogen. In some embodiments, at least one X is 
hexa?uorophosphate. In some embodiments, at least one X is 
NTf2, and Wherein Tf is bis(tri?uoromethanesulfonyl)imide. 
[0057] In some embodiments, Z is one bridge such that the 
chemical compound has a general structure (II): 
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[0058] In some embodiments, Z is tWo bridges such that the 
chemical compound has a general structure (III): 

X. 

[0059] In some embodiments, Z is one bridge such that the 
chemical compound has a general structure (IV): 

R3 

At least one R3 may be a methyl group. At least one R3 may be 
a C5-C7 alkyl group or a C5-C7 substituted alkyl group. At 
least one R4 may be an aryl group or a substituted aryl group. 

[0060] In some embodiments, Z is one bridge such that the 
chemical compound has a general structure (IVa): 

At least one R3 may be a methyl group. At least one R3 may be 
a C5-C7 alkyl group or a C5-C7 substituted alkyl group. At 
least one R4 may be an aryl group or a substituted aryl group. 
M may include one or more guest molecules associated With 
one or more portions of compound (IVa). 

[0061] In some embodiments, a method of making a com 
pound may include coupling an at least bifunctional com 
pound With an at least trifunctional compound in an alcohol 
based solvent to form a polycyclic imine compound including 
at least tWo cyclic groups, Wherein at least one of the bifunc 
tional compound and the at least trifunctional compound 
comprise tWo or more aldehyde or aldehyde forming moi 
eties, and Wherein at least one of the bifunctional compound 
and the at least trifunctional compound comprise tWo or more 
amine or amine forming moieties. The method may further 
include reducing at least one of the imine moieties of the 
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bridged polycyclic imine compound in an alcohol based sol 
vent With a reducing agent to form a bridged polycyclic 
compound comprising at least tWo cyclic groups having a 
general structure (V): 

Each Rl may be independently an alkyl group, a substituted 
alkyl group, an aryl group, a substituted aryl group, N, a 
heterocycle group, or a substituted heterocycle group. Each 
R may be independently an alkyl group, a substituted alkyl 
group, an aryl group, a substituted aryl group, a heterocycle 
group, a substituted heterocycle group, a covalent bond, or an 
alkene. Each R4 may be independently an alkyl group, a 
substituted alkyl group, an aryl group, a substituted aryl 
group, a heterocycle group, a substituted heterocycle group, 
an ether, an amide, an alcohol, an ester, a sulfonamide, a 
sulfanilamide, or an alkene. Z may include at least one bridge. 
At least one of the bridges may be iR2iNiR4:NiR2i 
or iR2iN:R4:NiR2i. Each bridge may indepen 
dently couple Rl to R1. 
[0062] In some embodiments, a method may include for 
mation of the polycyclic imine compound folloWed by reduc 
tion of at least one of the imine moieties of the polycyclic 
imine compound. 
[0063] In some embodiments, a method may include for 
mation of the polycyclic imine compound directly folloWed 
by reduction of at least one of the imine moieties of the 
polycyclic imine compound. 
[0064] In some embodiments, a methodmay include reduc 
ing at least one of the imine moieties of the bridged polycyclic 
imine compound in tetrahydrofuran solvent With a reducing 
agent comprises using sodium borohydride as a reducing 
agent. 
[0065] In some embodiments, a methodmay include reduc 
ing at least one of the imine moieties of the polycyclic imine 
compound in an alcohol based solvent With a reducing agent 
comprises using sodium borohydride as a reducing agent. 
[0066] In some embodiments, a methodmay include reduc 
ing at least one of the imine moieties of the bridged polycyclic 
imine compound in an alcohol based solvent With a reducing 
agent comprises using sodium and ammonia as a reducing 
agent. 
[0067] In some embodiments, a method may include alky 
lating at least four of the amines the chemical compound has 
a general structure (I): 

(I) 
+R32 
N — R4 



US 2008/0207581 A1 

Each Rl may be independently an alkyl group, a substituted 
alkyl group, an aryl group, a substituted aryl group, N, N"R3 , 
a heterocycle group, or a substituted heterocycle group. Each 
R2 may be independently an alkyl group, a substituted alkyl 
group, an aryl group, a substituted aryl group, a heterocycle 
group, a substituted heterocycle group, a covalent bond, or an 
alkene. Each R3 may be independently an alkyl group, a 
substituted alkyl group, an aryl group, a substituted aryl 
group, a heterocycle group, a substituted heterocycle group, 
an alkene, an ether, a PEG, or a PEI. Each R4 may be inde 
pendently an alkyl group, a substituted alkyl group, an aryl 
group, a substituted aryl group, a heterocycle group, a sub 
stituted heterocycle group, an ether, an amide, an alcohol, an 
ester, a sulfonamide, a sulfanilamide, or an alkene. Z com 
prises at least one bridge, Wherein at least one of the bridges 
may be iR2iN+R32iR4iN+R32iRa iR2iNR3i 
R4iN"R3 ziRz, iR2iNR3iR4iNR3iR2i, or 
iR2iN:R4:NiR2i. Each bridge independently 
couples Rl to R1. X may include one or more negatively 
charged counter ions. 
[0068] In some embodiments, a method of coating a surface 
may include applying a composition to a surface. The com 
position may include one or more bridged polycyclic com 
pounds. At least one of the bridged polycyclic compounds 
may include at least tWo cyclic groups. At least tWo cyclic 
groups may be de?ned in part by quaternary ammonium 
moieties. The method may include forming an antimicrobial 
coating over at least a portion of the surface. 

[0069] In some embodiments, at least one of the bridge 
polycyclic compounds may include at least four quaternary 
ammonium moieties Which de?ne at least tWo of the cyclic 
groups forming the bridged polycyclic compounds. 
[0070] In some embodiments, at least one of the bridge 
polycyclic compounds may include at least tWo phenol moi 
eties Which de?ne at least tWo of the cyclic groups forming 
the bridged polycyclic compounds. 
[0071] In some embodiments, at least one of the quaternary 
ammonium moieties de?ning at least one of the cyclic groups 
further comprises an alkyl group, a substituted alkyl group, an 
aryl group, a heterocycle group, a substituted heterocycle 
group, or a substituted aryl group. 

[0072] In some embodiments, at least one of the quaternary 
ammonium moieties de?ning at least one of the cyclic groups 
further comprises an alkyl group, a substituted alkyl group, an 
aryl group, or a substituted aryl group and an alkyl group, a 
substituted alkyl group, an aryl group, or a substituted aryl 
group. 
[0073] In some embodiments, at least one of the quaternary 
ammonium moieties de?ning at least one of the cyclic groups 
further comprises a C6 alkyl group or a C6 substituted alkyl 
group and a methyl group or a benZyl group. 

[0074] In some embodiments, the bridge polycyclic com 
pound has a general structure (I): 

(I) 
+R32 
N — R4 
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[0075] In some embodiments, a method of coating a surface 
may include curing the composition such that at least a por 
tion of the composition bonds to the surface. 

[0076] In some embodiments, the composition may include 
a polymeriZable compound. The polymeriZable compound 
may include polymeriZable amides, esters, ole?ns, acrylates, 
methacrylates, urethanes, Vinyl esters, epoxy-based materi 
als, styrene, styrene acrylonitrile, sulfones, acetals, carbon 
ates, phenylene ethers, ureas, or phenylene sul?des. The poly 
meriZable compound may include 2,2'-bis[4-(3 
methacryloxy-2 -hydroxy propoxy) -phenyl] -propane, 
dipentaerythritol pentaacrylate, pentaerythritol dimethacry 
late, the condensation product of ethoxylated bisphenol A and 
glycidyl methacrylate, the condensation product of 2 parts 
hydroxymethylmethacrylate and 1 part triethylene glycol bis 
(chloroformate), or polyurethane dimethacrylates. The poly 
meriZable compound may include hydroxyalkl methacry 
lates, 2-hydroxyethyl methacrylate, 1,6-hexanediol 
dimethacrylate, 2-hydroxypropyl methacrylate, glyceryl 
dimethacrylate, ethyleneglycolmethacrylates, ethylenegly 
col methacrylate, diethyleneglycol methacrylate, or triethyl 
eneglycol methacrylate. The polymeriZable compound may 
include methacrylic acid, maleic acid p-VinylbenZoic acid, 
ll-methacryloyloxy-l,l-undecanedicarboxylic acid, 1,4 
dimethacryloyloxyethylpyromellitic acid, 6-methacryloy 
loxyethylnaphthalene-l,2,6-tricarboxylic acid, 4-methacry 
loyloxymethyltrimellitic acid and the anhydride thereof, 
4-methacryloyloxyethyltrimellitic acid and an anhydride 
thereof, 4-(2-hydroxy-3-methacryloyloxy)bultytrimellitic 
acid and an anhydride thereof, 2,3-bis(3,4-dicarboxybenZoy 
loxy)propyl methacrylate, methacryloyloxytyrosine, 
N-methacryloyloxytyrosine, N-methacryloyloxyphenylala 
nine, methacryloyl-p-aminobenZoic acid, the adduct of 2-hy 
droxyethyl methacrylate With pyromellitic dianhydride, the 
adduct of 2-hydroxyethyl methacrylate With maleic anhy 
dride, the adduct of 2-hydroxyethyl methacrylate With 3,3',4, 
4'-benZophenonetetracarboxylic dianhydride, the adduct of 
2-hydroxyethyl methacrylate With 3,3',4,4'-biphenyltetracar 
boxylic dianhydride, the adduct of an aromatic dianhydride 
With an excess of Z-HEMA, the adduct of Z-HEMA With 
ethylene glycol bistrimellitate dianhydride, the adduct of 3,3‘, 
4,4'-diphenylsulfone tetracarboxylic dianhydride and 
Z-HEMA, the adduct of pyromellitic dianhydride With glyc 
erol dimethacrylate, 2-methacryloyloxyethyl acidophos 
phate, 2-methacryloyloxypropyl acidophosphate, 4-meth 
acryloyloxybutyl acidophosphate, 8-methacryloyloxyoctyl 
acidophosphate, l0-methacryloyloxydecyl acidophosphate, 
bis(2-methacryloyloxyethyl)acidophosphate, 2-methacry 
loyloxyethylphenyl acidophosphate, 2-sulfoethyl methacry 
late, 3-sulfo-2-butyl methacrylate, 3-bromo-2-sulfo-2-propyl 
methacrylate, 3-methoxy-l-sulfo-2-propyl methacrylate, or 
1 , l -dimethyl-2-sulfoethyl methacrylamide. 

[0077] In some embodiments, the composition may include 
an initiator. The initiator may include benZil diketones, DL 
camphorquinone, peroxides, lauryl peroxide, tributyl hydro 
peroxide, cumene hydroperoxide, l,l'-aZobis(cyclohexan 
ecarbonitrile), or benZoyl peroxide. 
In some embodiments, the composition may include an accel 
erator comprising tertiary amines, dimethylaminoethyl meth 
acrylate, diethylaminoethyl methacrylate, aromatic tertiary 
amines, 4-(N,N-dimethyl)aminobenZoate, dimethyl-p-tolui 
dine, and dihydroxyethyl-p-toluidine. 
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[0078] In some embodiments, the composition may include 
one or more of ultra-Violet light absorbers, anti-oxidants, -continued 
stabilizers, ?llers, pigments, opaci?ers, gelators, or handling 
agents. 

N 
[0079] In some embodiments, the composition may include N/ \ 
a ?ller comprising amorphous silica, spherical silica, colloi- N 
dal silica, barium glasses, quartz, ceramic ?llers, silicate N4 
glass, hydroxyapatite, calcium carbonate, ?uoroaluminosili 
cate, barium sulfate, quartz, barium silicate, strontium sili 
cate, barium boro silicate, barium boroaluminosilicate, stron- | , , 
tium borosilicate, strontium boroaluminosilicate, glass ?bers, R3\ / N+\ 
lithium silicate, ammoniated calcium phosphate, deammoni- IT 
ated calcium phosphate, alumina, zirconia, tin oxide, polymer & N+\ 
poWders, polymethyl methacrylate, polystyrene, or polyvinyl NI R3 OH 
chloride, titania. I 
[0080] In some embodiments, the composition may include 
a solvent. C1 

[0081] In some embodiments, the composition may include ’ ’ 
a chelating agent. The chelating agent may include EDTA. 

[0082] In some embodiments, the composition may include Xi>v< a boric acid compound. 0R3 

[0083] In some embodiments, at least one X comprises 
tetra?uoroborate. OR3 OH 

[0084] In some embodiments, the composition may include 
sodium tetra?uoroborate. 

[0085] In some embodiments, a compound may include a 
shape With a substantially curved surface. 

[0086] In some embodiments, a coating may be self-clean- ’ W ’ 
ing. In some embodiments, a coating may inhibit microbial 
adhesion. 

[0087] In some embodiments, a compound may have a 
minimum inhibitory concentration of less than 0.1 mg/mL. 

[0088] In some embodiments, a composition may have a 0 
minimum inhibitory concentration of less than 0.05 mg/mL. \ / 
[0089] In some embodiments, at least one R1 is N+R3. In 
some embodiments, at least one R1 is 

[0090] In some embodiments, at least one R3 is hydrophilic. 
In some embodiments, at least one R3 is a polymer. In some 
embodiments, at least one R3 is an oxazoline polymer. In \ 
some embodiments, at least one R3 is hydrophobic. ’ I 

[0091] In some embodiments, at least one R4 may be I/ 
OH 

OH 

N 

/ |/ 
HO 
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-continued 
O 

S 

2%, 

[0092] In some embodiments, a composition may include 
at least one metal (M) coordinated to at least a portion of the 
compound. At least one M may include a cation. At least one 
M may be positioned inside a space de?ned by R2 and R4, and 
Wherein at least one M is coordinated to one or more N+R32’s. 

[0093] In some embodiments, at least one X may include a 
halogen ion. 
[0094] In some embodiments, at least one X may include 
one or more elements With antimicrobial activity. 

[0095] In some embodiments, at least one X may include 
one or more elements With antiin?ammatory activity. 

[0096] In some embodiments, at least one X may include 
boron. 

[0097] In some embodiments, a composition may include 
one or more metals and/or metal ions With antimicrobial 
properties. 
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[0098] In some embodiments, a composition may include 
one or more metals and/ or metal ions With antiin?ammatory 
properties. 
[0099] In some embodiments, a composition may include 
one or more metals and/or metal ions, and Wherein one or 
more of the metals are light activated such that activating the 
metal With light increases the antimicrobial activity of the 
metal. 
[0100] In some embodiments, a composition may include 
one or more metals and/or metal ions, and Wherein at least one 
metals and/or metal ions is silver. At least one metals and/or 
metal ions may be Zinc, copper, gold, or cesium. At least one 
metals and/or metal ions may be silver, Zinc, copper, gold, 
calcium, nickel, cobalt, barium, strontium, lead, lanthanum, 
iron, manganese, cadmium, magnesium, Y, La, Ce, Pr, Nd, 
Eu, Gd, Th, Dy, Ho, Er, Tm, Yb, Ce, or alkaline earth metals. 
[0101] In some embodiments, a method of coating a surface 
may include pretreating the surface such that the treated sur 
face reacts With the composition. In some embodiments, a 
method of coating a surface may include pretreating the sur 
face such that the treated surface reacts With the composition 
by coupling an amide precursor electrophile to the surface. In 
some embodiments, a method of coating a surface may 
include pretreating the surface such that the treated surface 
reacts With the composition by coupling maleic anhydride 
and/or a maleic anhydride derivative to the surface. 
[0102] In some embodiments, a composition may include a 
metal oxide coated bridged polycyclic compound. The metal 
oxide may include titanium oxide. The metal oxide may 
include Zirconium oxide. The metal oxide may include 
hafnium oxide. The metal oxide may include boron. The 
metal oxide may include Zinc. The metal oxide may include 
tantalum. The metal oxide may include titanium oxide, Zir 
conium oxide, hafnium oxide, tungsten oxide, boron, Zinc, 
vanadium, silicon, calcium, bismuth, V, Si, CaBi2O4, barium, 
or tantalum 

[0103] In some embodiments, a composition may include 
stabiliZers. The stabiliZers may function to increase the solu 
bility of the compound. The stabiliZers may function to 
increase the solubility of the compound in hydrophobic sol 
vents. 

[0104] In some embodiments, a composition may include 
metal oxide coated bridged polycyclic compound, and the 
composition may function to increase the solubility of the 
compound in hydrophilic solvents. 
[0105] In some embodiments, a metal oxide coated bridged 
polycyclic compound is light activated. In some embodi 
ments, a metal oxide coated bridged polycyclic compound is 
light activated such that activating the metal oxide coated 
bridged polycyclic compound With light increases the anti 
microbial activity of the metal oxide coated bridged polycy 
clic compound. In some embodiments, a metal oxide coated 
bridged polycyclic compound is ultraviolet light activated 
such that activating the metal oxide coated bridged polycyclic 
compound With light increases the antimicrobial activity of 
the metal oxide coated bridged polycyclic compound. 
[0106] In some embodiments, a composition may include a 
matrix. 
[0107] In some embodiments, a composition may include 
thermoplastic polymers. 
[0108] In some embodiments, a composition may include 
thermosetting polymers. 
[0109] In some embodiments, a composition may include 
engineering plastics. 
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[0110] In some embodiments, a composition may include 
liquid crystal polymers. 
[0111] In some embodiments, a composition may include 
aminoacrylic resins. 
[0112] In some embodiments, a composition may include 
epoxy resins. 
[0113] In some embodiments, a composition may include 
polyurethane resins. 
[0114] In some embodiments, a composition may include a 
cross-linking reagent. 
[0115] In some embodiments, a composition may include a 
polymeriZation catalyst. 
[0116] In some embodiments, a composition may include a 
stabiliZer. 
[0117] In some embodiments, a composition may include a 
delustering agent. 
[0118] In some embodiments, a composition may include 
an optical Whitening agent. 
[0119] In some embodiments, a composition may include 
an organic pigment. 
[0120] In some embodiments, a composition may include 
an inorganic pigment. 
[0121] In some embodiments, a composition may include 
an inorganic ?ller. 
[0122] In some embodiments, a composition may include a 
plasticiZer. 
[0123] In some embodiments, a composition may include a 
surfactant. 
[0124] In some embodiments, a composition may include 
polyvinyl alcohol. 
[0125] In some embodiments, a composition may include 
polymethyl methacrylate. 
[0126] In some embodiments, a composition may include 
polymethyl-co-polybutyl methacrylate. 
[0127] In some embodiments, a composition comprises a 
coalescing solvent. 
[0128] In some embodiments, a coated surface, may 
include a chemical composition. At least a portion of the 
chemical composition may form an antimicrobial coating 
over at least a portion of a surface. The chemical composition 
may include one or more bridged polycyclic compounds. At 
least one of the bridgedpolycyclic compounds may include at 
least tWo cyclic groups. At least tWo cyclic groups may be 
de?ned in part by quaternary ammonium moieties. 
[0129] In some embodiments, a compound and/or a coating 
composition may have a minimum inhibitory concentration 
of greater than 900 [1M (e.g., 900 uM-1500 uM, 900 uM-2000 
[1M, 1500 uM-2500 uM, etc.). In some embodiments, a com 
pound and/or a coating composition may have a minimum 
inhibitory concentration of less than 10.0 mg/mL less than 5.0 
mg/mL, less than 1.0 mg/mL, less than 0.1 mg/mL, or less 
than 0.05 mg/mL. In such compositions, antimicrobial prop 
erties may not be the primary function of a coating composi 
tion. For example, self-cleaning properties may be the pri 
mary focus of the coating composition. 
[0130] In some embodiments, at least some of the herein 
described compounds includes a metal oxide coating or shell. 
The metal oxide may include titanium oxide, Zirconium 
oxide, hafnium oxide, boron, Zinc, vanadium, silicon, cal 
cium, bismuth, barium or tantalum. Metal oxide shells may 
include metals Which are light activated such that activation 
With light increases the antimicrobial activity of the com 
pound and metal oxide in particular. In some embodiments, a 
metal oxide shell may include stabiliZers. Stabilizers may 
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function to increase the solubility of a compound in hydro 
phobic and/or hydrophilic solvents. 
[0131] In some embodiments, a method of coating a build 
ing substrate, may include applying a composition to a sur 
face of a building substrate. The composition may include one 
or more bridged polycyclic compounds. At least one of the 
bridged polycyclic compounds may include at least tWo 
cyclic groups. At least tWo cyclic groups may be de?ned in 
part by quaternary ammonium moieties. The method may 
include forming an antimicrobial coating over at least a por 
tion of the surface. 
[0132] The building substrate may include at least a portion 
of an interior and/or exterior Wall, one or more structural 
supports of a building, or at least a portion of a roof and/or 
ceiling. 
[0133] The method may include using the composition as a 
primer for the surface. 
[0134] The method may include using the composition as a 
sealant for the surface. 
[0135] The composition may include a pigment and the 
method further including using the composition as a paint for 
the surface. 
[0136] The composition may include a chelating agent. The 
chelating agent may include EDTA. 
[0137] The composition may include a boric acid com 
pound. 
[0138] At least one X of the compound may include tet 
ra?uoroborate. 
[0139] In some embodiments, a coating composition may 
include sodium tetra?uoroborate. 
[0140] In some embodiments, a coating composition may 
include potassium tetra?uoroborate. 
[0141] In some embodiments, a building substrate may be 
coated With a coating The coating may include a chemical 
composition at least a portion of Which forms an antimicro 
bial coating over at least a portion of a surface of the building 
substrate. The chemical composition may include one or 
more bridged polycyclic compounds. At least one of the 
bridged polycyclic compounds may include at least tWo 
cyclic groups. At least tWo cyclic groups may be de?ned in 
part by quaternary ammonium moieties. 
[0142] In some embodiments, a method of coating a marine 
substrate, may include applying a composition to a surface of 
a marine substrate. The composition may include one or more 
bridged polycyclic compounds. At least one of the bridged 
polycyclic compounds may include at least tWo cyclic 
groups. At least tWo cyclic groups may be de?ned in part by 
quaternary ammonium moieties. The method may include 
forming an antimicrobial coating over at least a portion of the 
surface. 
[0143] The method may include inhibiting the groWth of 
bacteria on the surface. 
[0144] The marine substrate may include at least a portion 
of a boat, at least a portion of an outer hull of a boat, at least 
a portion of a pier, at least a portion of a boat dock, at least a 
portion of an outer hull of a submersible vessel, at least a 
portion of a surf board, or at least a portion of a offshore oil 
and/or gas rig. 
[0145] In some embodiments, a marine substrate may be 
coated With a coating The coating may include a chemical 
composition at least a portion of Which forms an antimicro 
bial coating over at least a portion of a surface of the marine 
substrate. The chemical composition may include one or 
more bridged polycyclic compounds. At least one of the 



US 2008/0207581 A1 

bridged polycyclic compounds may include at least tWo 
cyclic groups. At least tWo cyclic groups may be de?ned in 
part by quaternary ammonium moieties. 
[0146] In some embodiments, a method of inhibiting 
groWth of mollusks on a marine substrate, may include apply 
ing a composition to a surface of a marine substrate. The 
composition may include one or more bridged polycyclic 
compounds. At least one of the bridged polycyclic com 
pounds may include at least tWo cyclic groups. At least tWo 
cyclic groups may be de?ned in part by quaternary ammo 
nium moieties. The method may include forming an antimi 
crobial coating over at least a portion of the surface. The 
method may include inhibiting groWth of mollusks on the 
marine substrate to Which the composition has been applied. 
[0147] In some embodiments, a method of coating an oral 
surface, may include applying a composition to a surface of 
an oral surface. The composition may include one or more 
bridged polycyclic compounds. At least one of the bridged 
polycyclic compounds may include at least tWo cyclic 
groups. At least tWo cyclic groups may be de?ned in part by 
quaternary ammonium moieties. The method may include 
forming an antimicrobial coating over at least a portion of the 
surface. 
[0148] The oral surface may include at least a portion of a 
tooth surface, at least a portion of a gum, at least a portion of 
soft tissue, or at least a portion of a dental ?xture. A dental 
?xture may include a ?lling, at least a portion of a bridge, or 
at least a portion of a denture. 

[0149] The composition may be in the form of a gel. 
[0150] In some embodiments, a composition may include a 
coalescing solvent. 
[0151] The method may include using the composition as a 
bonding agent. 
[0152] The method may include using the composition as a 
resin cement. 

[0153] The method may include using the composition as a 
sealant. 
[0154] The method may include using the composition as a 
varnish. 

[0155] The method may include using the composition as a 
resin. 

[0156] In some embodiments, an oral surface may be 
coated With a coating The coating may include a chemical 
composition at least a portion of Which forms an antimicro 
bial coating over at least a portion of the oral surface. The 
chemical composition may include one or more bridgedpoly 
cyclic compounds. At least one of the bridged polycyclic 
compounds may include at least tWo cyclic groups. At least 
tWo cyclic groups may be de?ned in part by quaternary 
ammonium moieties. 

[0157] In some embodiments, a method of coating a medi 
cal device, may include applying a composition to a surface of 
a medical device. The composition may include one or more 
bridged polycyclic compounds. At least one of the bridged 
polycyclic compounds may include at least tWo cyclic 
groups. At least tWo cyclic groups may be de?ned in part by 
quaternary ammonium moieties. The method may include 
forming an antimicrobial coating over at least a portion of the 
surface. 

[0158] In some embodiments, a medical device may 
include at least a portion of a stent, at least a portion of a 
catheter, at least a portion of a cannulae, at least a portion of 
a contact lenses, or at least a portion of a feeding tube. 
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[0159] In some embodiments, a composition may be 
included as part of an application kit for coating at least a 
portion of the medical device. 
[0160] In some embodiments, a medical device may be 
coated With a coating The coating may include a chemical 
composition at least a portion of Which forms an antimicro 
bial coating over at least a portion of the medical device. The 
chemical composition may include one or more bridged poly 
cyclic compounds. At least one of the bridged polycyclic 
compounds may include at least tWo cyclic groups. At least 
tWo cyclic groups may be de?ned in part by quaternary 
ammonium moieties. 

[0161] In some embodiments, a method of coating a per 
sonal care device, may include applying a composition to a 
surface of a personal care device. The composition may 
include one or more bridged polycyclic compounds. At least 
one of the bridged polycyclic compounds may include at least 
tWo cyclic groups. At least tWo cyclic groups may be de?ned 
in part by quaternary ammonium moieties. The method may 
include forming an antimicrobial coating over at least a por 
tion of the surface. 

[0162] In some embodiments, a composition may be 
included as part of an application kit for coating at least a 
portion of the personal care device. 
[0163] In some embodiments, a personal care device may 
include a foot bath, a pedicure bath system, or one or more 
pedicure instruments. 
[0164] In some embodiments, a personal care device may 
be coated With a coating The coating may include a chemical 
composition at least a portion of Which forms an antimicro 
bial coating over at least a portion of the personal care device. 
The chemical composition may include one or more bridged 
polycyclic compounds. At least one of the bridged polycyclic 
compounds may include at least tWo cyclic groups. At least 
tWo cyclic groups may be de?ned in part by quaternary 
ammonium moieties. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0165] Advantages of the present invention may become 
apparent to those skilled in the art With the bene?t of the 
folloWing detailed description of the preferred embodiments 
and upon reference to the accompanying draWings in Which: 
[0166] FIG. 1 depicts a graphical representation of time kill 
assay tests for a bridged polycyclic compound tested against 
Staphylococcus aureaus. 

[0167] FIG. 2 depicts a graphical representation of time kill 
assay tests for a bridged polycyclic compound tested against 
Escherichia coli. 

[0168] FIG. 3 depicts a graphical representation of time kill 
assay tests for a bridged polycyclic compound tested against 
Escherichia coli. 

[0169] FIG. 4 depicts a graphical representation of time kill 
assay tests for a bridged polycyclic compound tested against 
Aspergillus niger. 
[0170] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments thereof 
are shoWn by Way of example in the draWings and may herein 
be described in detail. The draWings may not be to scale. It 
should be understood, hoWever, that the draWings and 
detailed description thereto are not intended to limit the 
invention to the particular form disclosed, but on the contrary, 
the intention is to cover all modi?cations, equivalents and 
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alternatives falling Within the spirit and scope of the present 
invention as de?ned by the appended claims. 

DETAILED DESCRIPTION 

[0171] It is to be understood the present invention is not 
limited to particular devices or biological systems, Which 
may, of course, vary. It is also to be understood that the 
terminology used herein is for the purpose of describing 
particular embodiments only, and is not intended to be limit 
ing. As used in this speci?cation and the appended claims, the 
singular forms “a”, “an”, and “the” include singular and plu 
ral referents unless the content clearly dictates otherWise. 
Thus, for example, reference to “a linker” includes one or 
more linkers. 

DEFINITIONS 

[0172] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art. 
[0173] The term “accelerator” as used herein generally 
refers to a substance that speeds a chemical reaction. 
[0174] The term “acyl” as used herein generally refers to a 
carbonyl substituent, iC(O)R, Where R is alkyl or substi 
tuted alkyl, aryl, or substituted aryl, Which may be called an 
alkanoyl substituent When R is alkyl. 
[0175] The term “adhesive” as used herein generally refers 
to a substance (e.g., glue, starch, paste, or mucilage) that 
bonds tWo materials together by adhering to the surface of 
each. 
[0176] The term “aldehyde” as used herein generally refers 
to any of a class of organic compounds containing the group 
iCHO 

[0177] The term “aldehyde forming moiety” as used herein 
generally refers to any of a class of organic compounds Which 
form an aldehyde in solution or react in an equivalent manner 
to an aldehyde such that an at least similar chemical product 
is achieved as Would have been achieved With an aldehyde. 
[0178] The terms “alkenyl” and “alkene” as used herein 
generally refer to any structure or moiety having the unsat 
uration C:C. As used herein, the term “alkynyl” generally 
refers to any structure or moiety having the unsaturation 
CEC. 

[0179] The term “alkoxy” generally refers to an ‘OR 
group, Where R is an alkyl, substituted loWer alkyl, aryl, 
substituted aryl. Alkoxy groups include, for example, meth 
oxy, ethoxy, phenoxy, substituted phenoxy, benZyloxy, phen 
ethyloxy, t-butoxy, and others. 
[0180] The term “alkyl” as used herein generally refers to a 
chemical substituent containing the monovalent group 
CnH2n, Where n is an integer greater than Zero. Alkyl includes 
a branched or unbranched monovalent hydrocarbon radical. 
An “n-mC” alkyl or “(nC-mC)alkyl” refers to all alkyl groups 
containing from n to m carbon atoms. For example, a l-4C 
alkyl refers to a methyl, ethyl, propyl, or butyl group. All 
possible isomers of an indicated alkyl are also included. Thus, 
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propyl includes isopropyl, butyl includes n-butyl, isobutyl 
and t-butyl, and so on. The term alkyl may include substituted 
alkyls. 
[0181] The term “alkyl-aryl” as used herein generally 
refers to a chemical substituent containing an alkyl group 
coupled to an aryl group or a substituted aryl group. 
[0182] The terms “amino” or “amine” as used herein gen 
erally refer to a group iNRR', Where R and R' may indepen 
dently include, but are not limited to, hydrogen, alkyl, sub 
stituted alkyl, aryl, substituted aryl or acyl. 
[0183] The terms “amine forming moiety” as used herein 
generally refers to any of a class of organic compounds Which 
form an amine in solution or react in an equivalent manner to 
an amine such that an at least similar chemical product is 
achieved as Would have been achieved With an amine. 

[0184] The terms “amphiphile” or “amphiphilic” as used 
herein generally refer to a molecule or species Which exhibits 
both hydrophilic and lipophilic character. In general, an 
amphiphile contains a lipophilic moiety and a hydrophilic 
moiety. The terms “lipophilic” and “hydrophobic” are inter 
changeable as used herein. An amphiphile may form a Lang 
muir ?lm. 
[0185] Non-limiting examples of hydrophobic groups or 
moieties include loWer alkyl groups, alkyl groups having 6, 7, 
8, 9, 10, ll, 12, or more carbon atoms, including alkyl groups 
With 14-30, or 30 or more carbon atoms, substituted alkyl 
groups, alkenyl groups, alkynyl groups, aryl groups, substi 
tuted aryl groups, saturated or unsaturated cyclic hydrocar 
bons, heteroaryl, heteroarylalkyl, heterocyclic, and corre 
sponding substituted groups. A hydrophobic group may 
contain some hydrophilic groups or substituents insofar as the 
hydrophobic character of the group is not outWeighed. In 
further variations, a hydrophobic group may include substi 
tuted silicon atoms, and may include ?uorine atoms. The 
hydrophobic moieties may be linear, branched, or cyclic. 
[0186] Non-limiting examples of hydrophilic groups or 
moieties include hydroxyl, methoxy, phenyl, carboxylic 
acids and salts thereof, methyl, ethyl, and vinyl esters of 
carboxylic acids, amides, amino, cyano, isocyano, nitrile, 
ammonium salts, sulfonium salts, phosphonium salts, mono 
and di-alkyl substituted amino groups, polypropyleneglycols, 
polyethylene glycols, epoxy groups, acrylates, sulfonamides, 
nitro, 4OP(O)(OCH2CH2N+RRR)O_, guanidinium, ami 
nate, acrylamide, pyridinium, piperidine, and combinations 
thereof, Wherein each R is independently selected from H or 
alkyl. Further examples include polymethylene chains sub 
stituted With alcohol, carboxylate, acrylate, or methacrylate. 
Hydrophilic moieties may also include alkyl chains having 
internal amino or substituted amino groups, for example, 
internal iNHi, iNC(O)Ri, or iNC(O)CH:CH2i 
groups, Wherein R is H or alkyl. Hydrophilic moieties may 
also include polycaprolactones, polycaprolactone diols, poly 
(acetic acid)s, poly(vinyl acetates)s, poly(2-vinyl pyridine)s, 
cellulose esters, cellulose hydroxylethers, poly(L-lysine 
hydrobromide)s, poly(itaconic acid)s, poly(maleic acid)s, 
poly(styrenesulfonic acid)s, poly(aniline)s, or poly(vinyl 
phosphonic acid)s. A hydrophilic group may contain some 
hydrophobic groups or substituents insofar as the hydrophilic 
character of the group is not outWeighed. 
[0187] The term “aryl” as used herein generally refers to a 
chemical substituent containing an aromatic group (e. g., phe 
nyl). An aromatic group may be a single aromatic ring or 
multiple aromatic rings Which are fused together, coupled 
covalently, or coupled to a common group such as a methyl 
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ene, ethylene, or carbonyl, and includes polynuclear ring 
structures. An aromatic ring or rings may include, but is not 
limited to, substituted or unsubstituted phenyl, naphthyl, 
biphenyl, diphenylmethyl, and benZophenone groups. The 
term “aryl” includes substituted aryls 
[0188] The term “antiin?ammatory” as used herein gener 
ally refers to a substance acting to reduce certain signs of 
in?ammation (e.g., sWelling, tenderness, fever, and pain). 
[0189] The term “antimicrobial” as used herein generally 
refers to a substance capable of destroying or inhibiting the 
groWth of microbes, prevents the development of microbes, 
and/or inhibits the pathogenic action of microbes as Well as 
viruses, fungi, and bacteria. 
[0190] The term “bridged polycyclic compound” as used 
herein generally refers to a compound that is composed of tWo 
or more cyclic systems that share tWo or more atoms. A cyclic 
system is formed from a group of atoms Which together form 
a continuous loop. A bridged polycyclic compound may 
include a bridging atom or group of atoms that connects tWo 
or more non-adj acent positions of the same ring. An example 
of a bridged bicyclic system (i.e., a compound composed of 
tWo cyclic systems) With tWo atoms (atoms “A”) common to 
both cyclic systems is depicted beloW. One of the linking 
groups “L” represents a bridging atom or group of atoms. 

[0191] The term “building substrate” as used herein gener 
ally refers to a natural or synthetic material used in the con 
struction of a residential or commercial structure. 
[0192] The term “cavitan ” as used herein generally refers 
to a natural or synthetic molecular compound With enforced 
cavities large enough to complex complementary compounds 
or ions. More speci?cally, a cavitand may be generally 
de?ned as a three-dimensional compound that maintains a 
substantially rigid structure and binds a variety of molecules 
in the cavities produced by the structure of the three-dimen 
sional compound. 
[0193] The term “chelating agent or complexing agent” as 
used herein generally refers to any of various compounds that 
combine With metals to form chelates. 
[0194] The term “coalescing agents or solvents” as used 
herein generally refers to any of various compounds that are 
used in coatings to promote ?lm formation (e.g., in architec 
tural and industrial latex coating). 
[0195] The term “coating” as used herein generally 
includes coatings that completely cover a surface, or portion 
thereof, as Well as coatings that may only partially cover a 
surface, such as those coatings that after drying leave gaps in 
coverage on a surface. The later category of coatings may 
include, but is not limited to a netWork of covered and uncov 
ered portions (e.g., non-continuous covered regions of the 
surface). When the coatings described herein are described as 
being applied to a surface, it is understood that the coatings 
need not be applied to, or that they cover the entire surface. 
For instance, the coatings Will be considered as being applied 
to a surface even if they are only applied to modify a portion 
of the surface. The coating may be applied to a surface or 
impregnated Within the material used to construct an item or 
a portion of an item. 
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[0196] The terms “coupling” and “coupled” With respect to 
molecular moieties or species, atoms, synthons, cyclic com 
pounds, and nanoparticles refers to their attachment or asso 
ciation With other molecular moieties or species, atoms, syn 
thons, cyclic compounds, and nanoparticles. The attachment 
or association may be speci?c or non-speci?c, reversible or 
non-reversible, the result of chemical reaction, or complex 
ation or charge transfer. The bonds formed by a coupling 
reaction are often covalent bonds, or polar-covalent bonds, or 
mixed ionic-covalent bonds, and may sometimes be Coulom 
bic forces, ionic or electrostatic forces or interactions. 

[0197] The terms “crystalline” or “substantially crystal 
line”, When used With respect to nanostructures, refer to the 
fact that the nanostructures typically exhibit long-range 
ordering across one or more dimensions of the structure. It 
Will be understood by one of skill in the art that the term “long 
range ordering” Will depend on the absolute siZe of the spe 
ci?c nanostructures, as ordering for a single crystal typically 
does not extend beyond the boundaries of the crystal. In this 
case, “long-range ordering” Will mean substantial order 
across at least the majority of the dimension of the nanostruc 
ture. In some instances, a nanostructure may bear an oxide or 
other coating, or may be comprised of a core and at least one 
shell. In such instances it Will be appreciated that the oxide, 
shell(s), or other coating need not exhibit such ordering (e. g., 
it may be amorphous, polycrystalline, or otherWise). In such 
instances, the phrase “crystalline,” “substantially crystal 
line,” “substantially monocrystalline,” or “monocrystalline” 
refers to the central core of the nanostructure (excluding the 
coating layers or shells). The terms “crystalline” or “substan 
tially crystalline” as used herein are intended to also encom 
pass structures comprising various defects, stacking faults, 
atomic substitutions, etc., as long as the structure exhibits 
substantial long range ordering (e. g., order over at least about 
80% of the length of at least one axis of the nanostructure or 
its core). It may be appreciated that the interface betWeen a 
core and the outside of a nanostructure or betWeen a core and 

an adjacent shell or betWeen a shell and a second adjacent 
shell may contain non-crystalline regions and may even be 
amorphous. This does not prevent the nanostructure from 
being crystalline or substantially crystalline as de?ned 
herein. 

[0198] The term “cyclic” as used herein generally refers to 
compounds having Wherein at least some of the atoms are 
arranged in a ring or closed-chain structure. 

[0199] The term “dental compositions” as used herein gen 
erally refers to any substances typically associated With any 
type of dental Work and/ or in related ?elds and includes, but 
is not limited to, dental primers, adhesives, surface sealants, 
liners, luting cements, varnishes, impression materials, 
equipment and impression systems, and composite restor 
atives. 

[0200] The term “dental ?xture” as used herein generally 
refers to an at least partially synthetic material con?gured to 
positioned in and/or coupled to at least a portion of an oral 
cavity. For example a dental ?xture may include, but is not 
limited to, a ?lling, a bridge, a false tooth, a cap, or denture. 

[0201] The term “effective concentration” or “effective 
amount” as used herein generally refers to a su?icient amount 
of the antimicrobial agent is added to decrease, prevent or 
inhibit the groWth of microbial organisms. The amount Will 
vary for each compound and upon knoWn factors related to 
the item or use to Which the antimicrobial agent is applied. 
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[0202] The term “?lm” as used herein generally refers to a 
thin sheet of material (e.g., plastic) used to at least partially 
cover at least a portion of a surface. The material may be 
transparent, translucent, or opaque. The ?lm may be a solid 
continuous sheet or the ?lm may contain perforations (e.g., a 
Web like material). 
[0203] The terms “functionaliZed” or“functional group” as 
used herein generally refers to the presence of a reactive 
chemical moiety or functionality. A functional group may 
include, but is not limited to, chemical groups, biochemical 
groups, organic groups, inorganic groups, organometallic 
groups, aryl groups, heteroaryl groups, cyclic hydrocarbon 
groups, amino (iNH2), hydroxyl (40H), cyano (4CEN), 
nitro (N02), carboxyl (4COOH), formyl (iCHO), keto 
(4CH2C(O)CH2i), ether (4CH24O4CH2i), thioether 
(4CH2iS4CH2i), alkenyl (4C:Ci), alkynyl, 
(4CECi), epoxy 

O 

(6%, ), 

metalloids (functionality containing Si and/or B) and halo (F, 
Cl, Br, and I) groups. In some embodiments, the functional 
group is an organic group. 
[0204] The term “gram-negative bacteria” or “gram-nega 
tive bacterium” as used herein generally refers to bacteria 
Which have been classi?ed by the Gram stain as having a red 
stain. Gram-negative bacteria have thin Walled cell mem 
branes consisting of a single layer of peptidoglycan and an 
outer layer of lipopolysaccharide, lipoprotein, and phospho 
lipid. Exemplary organisms include, but are not limited to, 
Enterobacteriacea consisting of Escherichia, Shigella, 
Edwardsiella, Salmonella, Citrobacler, Klebsiella, Entero 
bacler, Hafnia, Serralia, Proteus, Morganella, Providencia, 
Yersinia, Erwinia, Bulllauxella, Cedecea, Ewingella, 
Kluyvera, Talumella and Rahnella. Other exemplary gram 
negative organisms not in the family Enterobacteriacea 
include, but are not limited to, Pseudomonas aeruginosa, 
Slenolrophomonas mallophilia, Burkholderia, Cepacia, 
Gardenerella, Vaginalis, and Acinelobacler species. 
[0205] The term “gram-positive bacteria” or “gram-posi 
tive bacterium” as used herein refers to bacteria, Which have 
been classi?ed using the Gram stain as having a blue stain. 
Gram-positive bacteria have a thick cell membrane consisting 
of multiple layers of peptidoglycan and an outside layer of 
teichoic acid. Exemplary organisms include, but are not lim 
ited to, Staphylococcus aureus, coagulase-negative staphylo 
cocci, streptococci, enterococci, corynebacleria, and Bacil 
[as species. 
[0206] The term “heteroaryl” generally refers to a com 
pletely unsaturated heterocycle. 
[0207] The term “heterocycle” as used herein generally 
refers to a closed-ring structure, in Which one or more of the 
atoms in the ring is an element other than carbon. Heterocycle 
may include aromatic compounds or non-aromatic com 
pounds. Heterocycles may include rings such as thiophene, 
pyridine, isoxaZole, phthalimide, pyraZole, indole, furan, or 
benZo-fused analogues of these rings. Examples of hetero 
cycles include tetrahydrofuran, morpholine, piperidine, pyr 
rolidine, and others. In some embodiments, “heterocycle” is 
intended to mean a stable 5- to 7-membered monocyclic or 
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bicyclic or 7- to l0-membered bicyclic heterocyclic ring 
Which is either saturated or unsaturated, and Which consists of 
carbon atoms and from 1 to 4 heteroatoms (e.g., N, O, and S) 
and Wherein the nitrogen and sulfur heteroatoms may option 
ally be oxidiZed, and the nitrogen may optionally be quater 
niZed, and including any bicyclic group in Which any of the 
above-de?ned heterocyclic rings is fused to a benZene ring. In 
some embodiments, heterocycles may include cyclic rings 
including boron atoms. The heterocyclic ring may be attached 
to its pendant group at any heteroatom or carbon atom Which 
results in a stable structure. The heterocyclic rings described 
herein may be substituted on carbon or on a nitrogen atom if 
the resulting compound is stable. Examples of such hetero 
cycles include, but are not limited to, lH-indaZole, 2-pyrroli 
donyl, 2H,6H-l,5,2-dithiaZinyl, 2H-pyrrolyl, 3H-indolyl, 
4-piperidonyl, 4aH-carbaZole, 4H-quinoliZinyl, 6H-l,2,5 
thiadiaZinyl, acridinyl, aZocinyl, benZofuranyl, ben 
Zothiophenyl, carbaZole, chromanyl, chromenyl, cinnolinyl, 
decahydroquinolinyl, furanyl, furaZanyl, imidaZolidinyl, imi 
daZolinyl, imidaZolyl, indolinyl, indoliZinyl, indolyl, isoben 
Zofuranyl, isochromanyl, isoindolinyl, isoindolyl, isoquino 
linyl (benZimidaZolyl), isothiaZolyl, isoxaZolyl, morpholinyl, 
naphthyridinyl, octahydroisoquinolinyl, oxaZolidinyl, 
oxaZolyl, phenanthridinyl, phenanthrolinyl, phenarsaZinyl, 
phenaZinyl, phenothiaZinyl, phenoxathiinyl, phenoxaZinyl, 
phthalaZinyl, piperaZinyl, piperidinyl, pteridinyl, purinyl, 
pyranyl, pyraZinyl, pyraZolidinyl, pyraZolinyl, pyraZolyl, 
pyridaZinyl, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl, 
pyrrolinyl, pyrrolyl, quinaZolinyl, quinolinyl, quinoxalinyl, 
quinuclidinyl, carbolinyl, tetrahydrofuranyl, tetrahydroiso 
quinolinyl, tetrahydroquinolinyl, tetraZolyl, thianthrenyl, 
thiaZolyl, thienyl, thiophenyl, triaZinyl, xanthenyl. Also 
included are fused ring and spiro compounds containing, for 
example, the above heterocycles. 
[0208] The term “initiator” as used herein generally refers 
to a substance that initiates a chemical reaction. 

[0209] The term “ion” as used herein generally refers to an 
atom(s), radical, or molecule(s) that has lost or gained one or 
more electrons and has thus acquired an electric charge. 
[0210] The terms “marine” or “marine substrate” as used 
herein generally refer to any aqueous environment including 
sea and freshWater either in the open environment such as the 
ocean, a lake or river, or any other extensively submerged 
surface such as the lining of a pipe, a pier or the inner surface 
of a ?sh tank, a Water intake and discharge systems for res 
ervoirs, for example. 
[0211] The term “matrix” generally refers to a material, 
often a polymeric material and/ or a prepolymeric material, 
into Which a second material (e.g., a nanostructure) is embed 
ded, surrounded, or otherWise associated. A matrix is typi 
cally composed of one or more monomers, but may include 
other matrix components/constituents. Often the matrix con 
stituents include one or more “addressable” components or 

complementary binding pairs, that optionally promote 
assembly and/or cross-linkage of the matrix. 
[0212] The term “medical device” as used herein generally 
refers to a device used Which pertains to treating or determin 
ing the state of one’s health. Medical devices are any article 
that contacts patients or are used in health care, and may be for 
use either internally or externally. 
[0213] The term “microbe” as used herein generally refers 
to a minute life form; a microorganism. In some embodi 
ments, a microbe may include a bacterium that causes dis 
ease. 
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[0214] The term “mollusks” as used herein generally refers 
to any of numerous invertebrate animals of the phylum Mol 
lusca, usually living in Water and often having a hard outer 
shell (e.g., barnacles, clams, oysters). They have a muscular 
foot, a Well-developed circulatory and nervous system, and 
often complex eyes. Mollusks may include gastropods (snails 
and shell?sh), slugs, octopuses, squids, and the extinct 
ammonites. 
[0215] The term “monocrystalline” When used With respect 
to a nano structure indicates that the nano structure is sub stan 

tially crystalline and comprises substantially a single crystal. 
When used With respect to a nanostructure heterostructure 
comprising a core and one or more shells, “monocrystalline” 
indicates that the core is substantially crystalline and com 
prises substantially a single crystal. 
[0216] The terms “monofunctional”, “bifunctional”, “tri 
functional”, and “multifunctional” generally refers to a num 
ber of attachment sites a particular compound, molecule, 
atom, etc. may include (monofunctional having one site, 
bifunctional having tWo sites, trifunctional having three sites, 
and multifunctional having more than one site). 
[0217] The term “nanocrystal” as used herein generally 
refers to a nano structure that is substantially monocrystalline. 
A nanocrystal thus has at least one region or characteristic 
dimension With a dimension of less than about 500 nm, e.g., 
less than about 200 nm, less than about 100 nm, less than 
about 50 nm, or even less than about 20 nm. The region or 
characteristic dimension may be along the smallest axis of the 
structure. Examples of such structures include nanoWires, 
nanorods, nanotubes, branched nanoWires, nanotetrapods, 
nanotripods, nanobipods, nanocrystals, nanodots, quantum 
dots, nanoparticles, nanoribbons, etc. Nanostructures may be 
substantially homogeneous in material properties, or in cer 
tain embodiments may be heterogeneous (e. g., heterostruc 
tures). Optionally, a nanocrystal may comprise one or more 
surface ligands (e.g., surfactants). The nanocrystal is option 
ally substantially single crystal in structure (a “single crystal 
nanostructure” or a “monocrystalline nanostructure”). Nano 
structures may be fabricated from essentially any convenient 
material or material, the nanostructure may be prepared from 
an inorganic material, e.g., an inorganic conductive or semi 
conductive material. A conductive or semi-conductive nano 
structure often displays l-dimensional quantum con?nement, 
e.g., an electron may often travel along only one dimension of 
the structure. Nanocrystals may be substantially homoge 
neous in material properties, or in certain embodiments may 
be heterogeneous (e.g., heterostructures). The term “nanoc 
rystal” is intended to encompass substantially monocrystal 
line nanostructures comprising various defects, stacking 
faults, atomic substitutions, etc., as Well as substantially 
monocrystalline nanostructures Without such defects, faults, 
or substitutions. In the case of nanocrystal heterostructures 
comprising a core and one or more shells, the core of the 
nanocrystal is typically substantially monocrystalline, but the 
shell(s) need not be. The nanocrystals may be fabricated from 
essentially any convenient material or materials. 

[0218] The terms “nanostructure” or “nanoparticle” are 
used herein to generally refer to a structure having at least one 
region or characteristic dimension With a dimension of less 
than about 500 nm, e.g., less than about 200 nm, less than 
about 100 nm, less than about 50 nm, or even less than about 
20 nm. The region or characteristic dimension may be along 
the smallest axis of the structure. Examples of such structures 
include nanoWires, nanorods, nanotubes, branched nanocrys 
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tals, nanotetrapods, tripods, bipods, nanocrystals, nanodots, 
quantum dots, nanoparticles, branched tetrapods (e.g., inor 
ganic dendrimers), etc. Nanostructures may be substantially 
homogeneous in material properties, or in certain embodi 
ments may be heterogeneous (e.g., heterostructures). Nano 
structures may be, e. g., substantially crystalline, substantially 
monocrystalline, polycrystalline, amorphous, or a combina 
tion thereof. In one aspect, each of the three dimensions of the 
nanostructure has a dimension of less than about 500 nm, e. g., 
less than about 200 nm, less than about 100 nm, less than 
about 50 nm, or even less than about 20 nm. Nanostructures 

may comprise one or more surface ligands (e. g., surfactants). 
[0219] The terms “oligomeric” and “polymeric” are used 
interchangeably herein to generally refer to multimeric struc 
tures having more than one component monomer or subunit. 

[0220] The term “oral surface” as used herein generally 
refers to a portion of the mouth and/ or something positioned 
in and/or coupled to a portion of the mouth. For example an 
oral surface may include, but is not limited to, at least a 
portion of a tooth, at least a portion of the gum, at least a 
portion of the tongue, at least a portion of a dental ?xture (e. g., 
a ?lling, a bridge, a cap a false tooth). 

[0221] The term “pharmaceutically acceptable salts” 
includes salts prepared from by reacting pharmaceutically 
acceptable non-toxic bases or acids, including inorganic or 
organic bases, With inorganic or organic acids. Pharmaceuti 
cally acceptable salts may include salts derived from inor 
ganic bases include aluminum, ammonium, calcium, copper, 
ferric, ferrous, lithium, magnesium, manganic salts, manga 
nous, potassium, sodium, Zinc, etc. Examples include the 
ammonium, calcium, magnesium, potassium, and sodium 
salts. Salts derived from pharmaceutically acceptable organic 
non-toxic bases include salts of primary, secondary, and ter 
tiary amines, substituted amines including naturally occur 
ring substituted amines, cyclic amines, and basic ion 
exchange resins, such as arginine, betaine, caffeine, choline, 
N,N'-dibenZylethylenediamine, diethylamine, 2-dibenZyl 
ethylenediamine, 2-diethylaminoethanol, 2-dimethylamino 
ethanol, ethanolamine, ethylenediamine, N-ethyl-morpho 
line, N-ethylpiperidine, glucamine, glucosamine, histidine, 
hydrabamine, isopropylamine, lysine, methylglucamine, 
morpholine, piperaZine, piperidine, polyamine resins, 
procaine, purines, theobromine, triethylamine, trimethy 
lamine, tripropylamine, tromethamine, etc. 
[0222] The term “personal care” item and/or associated 
facility as used herein generally refers to a device or system 
used in or typically associated With a salon (e.g., hair and/or 
nail) or a day spa, including footbaths, or any device Which 
comes into contact With multiple persons and/or contains 
such devices, thereby potentially passing along harmful bac 
teria. 

[0223] The term “polycyclic,” as used herein, generally 
refers to a chemical compound having tWo or more atomic 
rings in a molecule. Steroids are polycyclic compounds. The 
term “polymeriZable compound,” as used herein, generally 
refers to a chemical compound, substituent or moiety capable 
of undergoing a self-polymerization and/or co-polymeriZa 
tion reaction (e.g., vinyl derivatives, butadienes, trienes, tet 
raenes, dialkenes, acetylenes, diacetylenes, styrene deriva 
tives). 
[0224] The term “primer,” as used herein, generally refers 
to an undercoat of paint or siZe applied to prepare a surface 
(e.g., for painting). 
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[0225] The term “quaternary ammonium moiety,” as used 
herein, generally refers to a tetravalent charged nitrogen (e. g., 
N+R34). 
[0226] The terms “R”” in a chemical formula refer to a 
hydrogen or a functional group, each independently selected, 
unless stated otherWise. In some embodiments the functional 
group may be an organic group. In some embodiments the 
functional group may be an alkyl group. In some embodi 
ment, the functional group may be a hydrophobic or hydro 
philic group. 
[0227] The terms “reducing,” “inhibiting” and “ameliorat 
ing,” as used herein, When used in the context of modulating 
a pathological or disease state, generally refers to the preven 
tion and/or reduction of at least a portion of the negative 
consequences of the disease state. Whenused in the context of 
an adverse side effect associated With the administration of a 
drug to a subject, the term(s) generally refer to a net reduction 
in the severity or seriousness of said adverse side effects. 
[0228] The term “sealant,” as used herein, generally refers 
to any of various liquids, paints, chemicals, or soft substances 
that may be applied to a surface or circulated through a system 
of pipes or the like, drying to form a hard, substantially 
Watertight coating. When used in the context of dentistry 
sealant generally refers to any of several transparent synthetic 
resins applied to the cheWing surfaces of an oral cavity as a 
preventive measure against tooth decay in the occlusal pits 
and ?ssures. 
[0229] The term “self-cleaning” (e.g., surfaces) as used 
herein generally refers to a surface Which inhibits adhesion of 
matter to the surface. Self-cleaning generally refers to the 
mechanisms of adhesion betWeen tWo surfaces Which are in 
contact. These systems generally attempt to reduce their free 
surface energy. If the free surface energies betWeen tWo com 
ponents are intrinsically very loW, it may generally be 
assumed that there Will be Weak adhesion betWeen these tWo 
components. The important factor here is the relative reduc 
tion in free surface energy. In pairings Where one surface 
energy is high and one surface energy is loW the crucial factor 
is very often the opportunity for interactive effects, for 
example, When Water is applied to a hydrophobic surface it is 
impossible to bring about any noticeable reduction in surface 
energy. This is evident in that the Wetting is poor. The Water 
applied forms droplets With a very high contact angle. Per 
?uorinated hydrocarbons (e. g., polytetra?uoroethylene) have 
very loW surface energy. There are hardly any components 
Which adhere to surfaces of this type, and components depos 
ited on surfaces of this type are in turn very easy to remove. 
The term self-cleaning as used herein also generally refers to 
a chemical transformation of a contaminant that comes into 
contact With the surface such that it is broken doWn by oxi 
dative decomposition (e.g., photooxidation by a metal oxide 
such as photocatalytic oxidation of phenol or E. Coli inacti 
vation due to photooxidation by TiO2). 
[0230] The term “substituted alkyl” as used herein gener 
ally refers to an alkyl group With an additional group or 
groups attached to any carbon of the alkyl group. Substituent 
groups may include one or more functional groups such as 
alkyl, loWer alkyl, aryl, acyl, halogen, alkylhalo, hydroxy, 
amino, alkoxy, alkylamino, acylamino, acyloxy, aryloxy, ary 
loxyalkyl, mercapto, both saturated and unsaturated cyclic 
hydrocarbons, heterocycles, and other organic groups. 
[0231] The term “substituted alkyl-aryl” as used herein 
generally refers to an alkyl-aryl group With an additional 
group or groups attached to any carbon of the alkyl-aryl 
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group. Additional groups may include one or more functional 
groups such as loWer alkyl, aryl, acyl, halogen, alkylhalo, 
hydroxy, amino, alkoxy, alkylamino, acylamino, acyloxy, 
aryloxy, aryloxyalkyl, thioether, heterocycles, both saturated 
and unsaturated cyclic hydrocarbons Which are fused to the 
aromatic ring(s), coupled covalently or coupled to a common 
group such as a methylene or ethylene group, or a carbonyl 
coupling group such as in cyclohexyl phenyl ketone, and 
others. 
[0232] The term “substituted aryl” as used herein generally 
refers to an aryl group With an additional group or groups 
attached to any carbon of the aryl group. Additional groups 
may include one or more functional groups such as loWer 

alkyl, aryl, acyl, halogen, alkylhalo, hydroxy, amino, alkoxy, 
alkylamino, acylamino, acyloxy, aryloxy, aryloxyalkyl, thio 
ether, heterocycles, both saturated and unsaturated cyclic 
hydrocarbons Which are fused to the aromatic ring(s), 
coupled covalently or coupled to a common group such as a 
methylene or ethylene group, or a carbonyl coupling group 
such as in cyclohexyl phenyl ketone, and others. 
[0233] The term “substituted heterocycle” as used herein 
generally refers to a heterocyclic group With an additional 
group or groups attached to any element of the heterocyclic 
group. Additional groups may include one or more functional 
groups such as loWer alkyl, aryl, acyl, halogen, alkylhalos, 
hydroxy, amino, alkoxy, alkylamino, acylamino, acyloxy, 
aryloxy, aryloxyalkyl, thioether, heterocycles, both saturated 
and unsaturated cyclic hydrocarbons Which are fused to the 
heterocyclic ring(s), coupled covalently or coupled to a com 
mon group such as a methylene or ethylene group, or a car 

bonyl coupling group such as in cyclohexyl phenyl ketone, 
and others. 
[0234] The term “substrate” as used herein generally refers 
to a body or base layer or material (e.g., onto Which other 
layers are deposited). 
[0235] The term “thioether” as used herein generally refers 
to the general structure RiSiR' in Which R and R' are the 
same or different and may be alkyl aryl or heterocyclic 
groups. The group iSH may also be referred to as “sulfhy 
dryl” or “thiol” or “mercapto.” 

Bridged Polycyclic Antimicrobials 

[0236] NeW antimicrobials are required to combat the neW 
antimicrobial resistant microbes. NeW antimicrobials may be 
effective verses microbes Which are currently resistant to 
currently known antimicrobials. NeW antimicrobials may 
resist leaching off into the environment beyond a predeter 
mined amount to inhibit polluting the environment unneces 
sarily (Which may concurrently increase the occurrence of 
antimicrobial resistant microbes from overexposure of anti 
microbials). 
[0237] One strategy for combating antimicrobial resistant 
organisms is by modifying knoWn antimicrobials to increase 
their effectiveness. In some embodiments, quaternary ammo 
nium compounds may be modi?ed to increase their effective 
ness. It is typically thought that quaternary ammonium com 
pounds denature the proteins of the bacterial or fungal cell, 
affect the metabolic reactions of the cell and alloW vital sub 
stances to leak out of the cell, ?nally causing death. In addi 
tion, quaternary ammonium compounds are not knoWn to be 
toxic toWards higher forms of life (e.g., humans). 
[0238] One of the main considerations in examining the 
mode of action is the characterization of quaternary ammo 
nium compounds as cationic surfactants. This class of chemi 
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cal reduces the surface tension at interfaces, and is attracted to 
negatively charged surfaces, including microorganisms. Qua 
ternary ammonium compounds denature the proteins of the 
bacterial or fungal cell, affect the metabolic reactions of the 
cell and alloW vital substances to leak out of the cell, ?nally 
causing death. 
[0239] Most uses of quaternary ammonium compounds as 
antimicrobials involve formulations of disinfectants and sani 
tiZers Which are not bound to a surface, resulting in e?luent 
stream pollution and contamination. They are simply Wetted 
onto the surface such as in disinfecting Wipes Which are 
primarily ammonium salts as their liquid active ingredient. 
When they are incorporated into surfaces they are not 
crosslinked but are alloWed to ?oat to the surface thereby 
becoming depleted over time the same Way silver and tri 
closan are incorporated in plastics. Coupling quaternary 
ammonium compounds to a surface or formation Within a 
polymer matrix may inherently reduce the effectiveness of 
the quaternary ammonium compounds, by decreasing the 
accessibility of microbes to the most active cationic portion of 
the molecule. Increasing accessibility to the quaternary 
ammonium compounds Within a surface coating or With any 
use increases the effectiveness of the quaternary ammonium 
compound. 
[0240] In some embodiments, the effectiveness of an anti 
microbial (e.g., quaternary ammonium compound) may be 
increased by coupling the antimicrobial Within or on a curved 
surface, Where the curved surface is on a molecular scale. For 
example, a curved surface may be created using nanoparticles 
(e.g., spherical nanoparticles). Nanoparticles may incorpo 
rate into their structure antimicrobial compounds With greater 
exposed surface area due to the curved surface of the nano 
particle. 
[0241] In some embodiments, a compound may include a 
nanoparticle. The nanoparticle may include a bridged poly 
cyclic compound. A compound may be formed using self 
assembly techniques and principles. A compound may be 
formed from portions Which are themselves antimicrobial 
(e. g., quaternary ammonium compounds). A compound may 
bind moieties to at least portions of itself Which have, for 
example, antimicrobial properties. 
[0242] In some embodiments, a protective coating compo 
sition may include a compound. A compound may be a 
bridged polycyclic compound. A bridged polycyclic com 
pound may be a cavitand. Portions of the bridged polycyclic 
compound may include tWo or more quaternary ammonium 
moieties. The protective coating composition may be antimi 
crobial. 
[0243] In some embodiments, a composition may include 
one or more bridged polycyclic compounds. At least one of 
the bridged polycyclic compounds may include at least tWo 
cyclic groups. A general example of a bridged polycyclic 
compound including only tWo cyclic groups may include, but 
is not limited to, a compound 100 having a general structure 

100 

’—L—\ 
A, ,A. 

L 

In some embodiments, at least tWo cyclic groups may be 
de?ned in part by quaternary ammonium moieties, by the 
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nitrogen of the quaternary ammonium moiety comprising one 
of the atoms Which forms a part of the cyclic structure itself. 
For example, a cyclic structure Which is formed at least in part 
by a quaternary ammonium moiety may include, but is not 
limited to structure 101 

101 

Structure 101 is an example of quaternary ammonium moi 
eties de?ning at least in part a cyclic group, hoWever, com 
pound 101 is not an example of a polycyclic compound and 
compound 101 is not an example of a bridged polycyclic 
compound. 
[0244] In some embodiments, a bridged polycyclic com 
pound may include at least tWo quaternary ammonium moi 
eties, at least three quaternary ammonium moieties, at least 
four quaternary ammonium moieties, at least ?ve quaternary 
ammonium moieties, at least six quaternary ammonium moi 
eties, at least seven quaternary ammonium moieties, or at 
least eight quaternary ammonium moieties. 

[0245] In some embodiments, a compound 100 may have a 
general structure 

100 

Compound 100 may be formed by coupling a trifunctional 
corner unit A With a bifunctional linker unit L as depicted in 
Scheme 2. 

Scheme 2 should not be used as to limit the disclosure set 
forth herein. Corner unit A may include multiple dentate 
linkers other than the one depicted in Scheme 2 (e.g., a tri 
functional linkerA is depicted in Scheme 2) including, but not 
limited to, bifunctional, tetrafunctional (e.g., compound 
100a) etc. In some embodiments, a corner unit A may be 
coupled to a linker unit L in any multitude of Ways knoWn to 
one skilled in the art. 
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100a 

[0246] In some embodiments, a compound l00c may have 
a general structure 

1000 

Compound l00c may be a bridged polycyclic compound. 
Compound l00c may be antimicrobial. In some embodi 
ments, Z may include at least one bridge. Bridge Z may 
couple 2 non adjacent atoms. 
[0247] In some embodiments, at least one of the bridges is 
iR2iN+R32iR4iN+R32iR2i, such that each bridge 
independently couples A to A. In some embodiments, at least 
one of the bridges may be iR2iNR3iR4iN+R3 ZiRZi. 
Each bridge may independently couple A to A. In some 
embodiments, at least one of the bridges may be iR2i 
NR3iR4iNR3iR2i. Each bridge may independently 
couple A to A. In some embodiments, at least one of the 
bridges may be iR2iN:R4:NiR2i. Each bridge may 
independently couple A to A. 
[0248] For example When Z is 1 compound l00c may be a 
compound 100 having a general structure 

100 

'- L—\ 
A A 

\31/ L 

When, for example, Z is 2 a compound l00c may be a com 
pound l00a having a general structure 

100a 

When, for example, Z is 2 a compound l00c may be a com 
pound l00d having a general structure 

100d 
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[0249] In some embodiments, a compound may include a 
bridged polycyclic compound formed from tWo comer units 
(e.g., compound l00b). Compound l00b may be formed by 
coupling a multifunctional (e. g., trifunctional) corner unit A 
With a second multifunctional (e. g., trifunctional) corner unit 
A as depicted in Scheme 2a. 

AcA A<\ + A/v —> V 

[0250] In some embodiments, a compound 102 may have a 
general structure 

102 
N_L_N 

Compound 102 may include a moiety coupling comer unit A 
With linker unit L, the moiety including a nitrogen. 
[0251] In some embodiments, a compound 103 may have a 
general structure 

(103) 

In some embodiments, Rl may be independently alkyl, sub 
stituted alkyl, aryl, substituted aryl, N, N"R3 , heterocycle, or 
substituted heterocycle. R2 may be independently alkyl, sub 
stituted alkyl, aryl, substituted aryl, heterocycle, substituted 
heterocycle, covalent bond, or alkene. R3 may be indepen 
dently alkyl, substituted alkyl, aryl, substituted aryl, hetero 
cycle, substituted heterocycle, alkene, ether, PEG, or PEI. R4 
may be independently alkyl, substituted alkyl, aryl, substi 
tuted aryl, N+R3, heterocycle, substituted heterocycle, alkyl 
ether, PEG, PEI, ether, or alkene. R4 may independently 
include amide, alcohol, ester, sulfonamide, or sulfanilamide. 
R4 may be independently alkyl, substituted alkyl, aryl, sub 
stituted aryl, heterocycle, substituted heterocycle, ether, 
amide, alcohol, ester, sulfonamide, sulfanilamide, or alkene. 
X may be one or more counter ions. Z may include at least one 
bridge. 
[0252] In some embodiments, at least one of the bridges 
may be iR2iN+R32iR4iN+R32iR2i. Each bridge 
may independently couple Rl to R1. In some embodiments, at 
least one of the bridges may be iR2iNR3iR4iN+R32i 
Rzi. Each bridge may independently couple Rl to R1. In 
















































































